We present optical photometry for the type Ic SN 1994I in M51 (NGC 5194) from UT March 31 to Aug 6, 1994, starting eight days before B-band maximum and ending three months later. We estimate the extinction to SN 1994I was considerable and quite uncertain, A V = 1:4 0:5 mag, making a detailed comparison to other supernovae di cult. Using a distance modulus = 29:6 0:3 mag to M51, we calculate absolute magnitudes and a quasi-bolometric light curve for the supernova. It appears that SN 1994I was less luminous than \normal" type Ia SNe. There is strong evidence that the ejecta of SN 1994I were much less massive than those of other SNe.
1. Introduction SN 1994I in the face-on Sc galaxy M51 (NGC 5194, \The Whirlpool") was discovered on UT April 2, 1994, independently by at least four sets of observers: Tim Puckett and Jerry Armstrong, Wayne Johnson and Doug Millar, Richard Berry, and Reiki Kushida (Puckett et al. 1994) . Its spectrum caused some confusion in the rst few days after discovery, being interpreted as similar to that of a type II (Schmidt & Kirshner 1994a) , type Ib (Filippenko, Matheson, & Barth 1994) , type Ic (Schmidt, Challis, & Kirshner 1994) , and peculiar type Ia (Turatto & Zanin 1994) ; after 1 Also associated with the Center for Particle Astrophysics, University of California at Berkeley { 2 { a week, however, a consensus grew that it was a type Ic event Kirshner et al. 1994) . Detailed spectroscopic studies by Wheeler et al. (1994) and Filippenko et al. (1995) con rmed this classi cation, which is largely the end of a process of elimination: type Ic SNe show no lines of hydrogen (hence are not type II), lack the deep Si II absorption trough near 6150 A (hence are not type Ia), and also lack absorption lines of He in the optical (hence are not type Ib). Note, however, that Filippenko et al. did detect the He I 10830 line in SN 1994I , showing that at least a small amount of helium must have been present in its atmosphere.
The position of the SN is slightly uncertain : Rupen et al. (1994) used the VLA to measure a radio position = 13 h 27 m 47. s 731, = +47 26 0 57. 00 84, equinox 1950.0, corresponding to a position in the J2000.0 system of = 13 h 29 m 54. s 06, = +47 11 0 29. 00 96. Morrison & Argyle (1994) report that optical measurements with a meridian circle yield = 13 h 29 m 54. s 072, = +47 11 0 30. 00 50, equinox J2000.0. The small di erence may be due to the strong gradient in light from the nucleus of M51 at the position of the supernova, as Morrison and Argyle state.
We initiated a program of multicolor photometry at Leuschner and Lick Observatories, and report here our results. In addition, we have collected several very early images taken at other sites and reduced them in the same manner as our own.
Section 2 contains a description of the observations. Section 3 discusses the \template subtraction" method of photometry we used to extract the light of SN 1994I from its environs in the disk of M51. Our calibration of the measurements onto the standard Johnson-Cousins system appears in Section 4. In Section 5 we present light curves of SN 1994I. Since this event occurred close to the nucleus of M51, it is not surprising that there are several indications of a large amount of extinction, which we describe in Section 6. In Section 7, we discuss the distance to M51, and calculate absolute magnitudes in all passbands for our adopted extinction. In addition, we calculate a quasi-bolometric light curve by summing the observed optical uxes. In Section 8, we compare the light curves of SN 1994I with those of the type Ic SN 1987M. We place our conclusions in Section 9. An Appendix lists details of the equations used to place our observations onto the standard Johnson-Cousins photometric system. Figure 1 shows SN 1994I, its host galaxy M51, and reference stars A, B, C, and D. We report on observations obtained mainly by the two telescopes at Leuschner Observatory and one at Lick Observatory, with several very early observations from telescopes at other sites. All data were measured from CCD images, and reduced to a common magnitude sequence of comparison stars.
Observations
At Leuschner Observatory, we used a 50-cm and a 76-cm telescope, both re ectors equipped with CCD cameras (Richmond, Tre ers, & Filippenko 1993; Richmond et al. 1994, henceforth R94) . The full-width at half-maximum (FWHM) of stellar images was usually 3 00 ? 4 00 . Our exposure times varied from about 200 seconds (in the R and I bands) to 1500 seconds (in the U { 3 { and, at late time, B bands). We created bias frames by taking the median of ve images each afternoon, and at eld frames from the median of ve exposures of the twilight sky; we then applied them to the raw images in the usual fashion.
Lick Observatory's 1-m Nickel telescope is equipped with a 2048 2048-pixel CCD camera, which we operated in 2 2 binned mode, yielding a plate scale of 0. 00 37 per pixel. The seeing was typically 2 ? 3 00 FWHM, and exposure times ranged from 60 to 1080 seconds. The frames were corrected for bias and at eld as described above.
We have images at very early times from two additional sources. One of us (JBD) used a 20-cm Schmidt-Cassegrain telescope and an SBIG ST-4 CCD camera without lters to obtain exposures of 160 and 180 seconds on Apr 2 UT. The plate scale is 3. 00 7 0. 00 2 per pixel, and stellar images appear to have FWHM about 1:5 pixels. Comparing the raw, instrumental di erences in magnitude between stars A, B, C, and D with those listed in Table 1 , we nd the response of this system to be closest to the Cousins R band. Speci cally, we nd instrumental di erences (B ? A) = 1:32, (C ? A) = 1:73, and (D ? A) = 1:49. De ning r to be the magnitude of a star in the instrumental system, we can write R = r + k r (V ? R) + C, where C is an arbitrary zero-point o set. We can nd a value for k r using the instrumental magnitudes and our adopted V and R magnitudes for the comparison stars listed in Table 1 . We nd k r = ?0:41 0:25. We will designate these data \R."
MM and CP used a 49-cm f/4.2 telescope at the Luebeck Public Observatory in Germany, equipped with an SBIG ST-6 CCD camera and no lter, to acquire three images of SN 1994I on March 31 UT. The scale is 2. 00 6 per pixel. All objects show trails of about 4 pixels in the North-South direction, and a width of about 1.5 pixels. The exposure times were 10, 15 and 10 seconds. Although a correction was made for dark count, no at-elding was applied to the images. Once again using the instrumental magnitude di erences between stars A, B, C, and D, we nd these images to have a response closest to the Johnson-Cousins V band. In this case, the instrumental di erences are (B ? A) = 1:76, (C ? A) = 1:72, and (D ? A) = 1:77. Asserting that V = v + k v (V ? R) + C, we calculate k v = ?0:26 0:42. We will use the term \V" when referring to these data.
Extracting instrumental magnitudes
Light from SN 1994I was surrounded by light from the galaxy's nucleus, making photometry a di cult task. In order to extract instrumental magnitudes from each image, we attempted to use the \rotsub" technique described in Richmond et al. (1995; henceforth R95) , but found that the strong spiral features of M51 led to signi cant residuals at the position of the SN (however, we did use measurements of the comparison stars derived by this procedure; see Section 4 below). Therefore, we turned to the \tempsub" method, also described in R95 and summarized brie y here. After the SN had faded from visibility, we acquired images of M51 in good seeing (FWHM { 4 { 1. 00 6) with the Nickel 1-m telescope at Lick Observatory, one each in BV RI. We used a set of IRAF 2 tools to stretch and rotate these \template" images to match each image taken while the SN was visible, convolved them with a Gaussian to equalize the seeing disks, scaled them to match the sky-subtracted intensity of star A in a circular aperture of radius 10 pixels, and then subtracted the \template" from the original. This procedure yielded images in which SN 1994I stood out clearly from its surroundings, as Figure 2 shows; the results were cleaner than those produced by other techniques we tried. We then measured the light of star A (in the convolved template image) and the SN (in the subtracted image), using identical synthetic circular apertures of radius 0:75 times the FWHM of the convolved template image, and identical sky annuli. The sky value calculated for the SN in the subtracted image was very close to zero.
In order to gauge the accuracy of the subtraction, we used the DAOPHOT2 package in IRAF to add arti cial stars to the raw images. We used star A to de ne a point-spread function (PSF) for each image, and added into the image four copies of the PSF scaled to match the brightness of the SN; we placed the copies symmetrically around the nucleus of M51, at roughly the same distance as SN 1994I. After performing the template subtraction, we measured the brightness of each arti cial star and calculated the standard deviation from the mean of the four values. We used this as an estimator of the uncertainty in the instrumental magnitude of SN 1994I. Propagating the magnitudes through our photometric solution yielded the nal uncertainties we list in Tables 4 and 5. The U-band data, however, must be treated di erently. Our instrument is so insensitive to light in this passband that even very long exposures yielded very weak signals from the SN, star A, and the nucleus of M51; no other sources were visible. The \tempsub" technique mentioned above involves subtracting a model from the original image, and then measuring the remaining light. For the U-band, in which the signal-to-noise ratio for both the SN and the comparison star A is very low, such a procedure will increase the noise and degrade the signal even further.
We chose to perform pure aperture photometry on each original U-band image, using a circular aperture of radius r = 3 pixels = 1. 00 86: Light from the nucleus of M51 was so feebly detected that it barely reached the position of SN 1994I, alleviating the background subtraction that posed such a problem in BV RI. The small amount of \sky" that we detected was estimated from an annulus with inner radius 5. 00 0 and outer radius 11. 00 2. We adopt the uncertainties calculated by the IRAF task qphot, which are based on photon and readout noise, and propagate them through the photometric solution. We have adopted star A (see Figure 1 ) as our primary comparison star; the fainter stars B, C and D provide checks on the lack of variation of star A, and yield estimates of the precision of photometry. Soon after SN 1994I was discovered, Harold Corwin (1994) distributed his measurements of stars in the eld of M51, which were the source of several magnitudes listed on the Thompson-Bryan (1989) chart for the galaxy. Corwin's message warned that background subtraction was di cult for those stars immersed in the galaxy's light, and that his values should be used only for preliminary reduction of SN photometry. Nonetheless, his values were very useful to us and others, in the rst few months after discovery, and we list them in Table 1 . On 1995 April 24 UT, we used the 1-m Nickel telescope at Lick Observatory to observe the eld of SN 1994I and ve multi-star elds from the list of Landolt (1992) in BV RI. Using the photcal task in IRAF, we calculated a photometric solution for each passband of the form
Calibration
where V denotes a standard magnitude, b and v instrumental values, and X the airmass. We list the solutions and their formal uncertainties in the Appendix. Using the solutions, we were able to calculate magnitudes on the standard system for comparison stars A, B, C, and D, which we list in Table 1 . We adopt the Lick calibration for star A as the basis for all BV RI photometry in this paper, since we believe CCD photometry allows more accurate subtraction of the complicated background near star A than does aperture photometry. Since we were unable to acquire U-band observations at Lick, however, we maintain the U-band magnitude of star A provided by Corwin.
Having adopted a set of magnitudes for the comparison stars, we were able to transform all raw magnitudes onto the Johnson-Cousins system. The Lick Observatory data were corrected using the color transformation coe cients described above. Leuschner Observatory data were placed onto the standard system using color transformation coe cients listed in the Appendix, again using the Lick observations of star A to provide a zero-point. The size of the corrections was typically less than 0.1 mag.
The very earliest data, listed in Table 2 , for which only a single passband was observed each night, are not corrected for any color e ects. How large an error could this cause? The error depends on the di erence between the colors of our comparison star A and the SN, and on the color term of the detector; for example, in the R band,
where k r corrects instrumental r magnitudes into the standard system, based on the standard (V ? R) color. Table 1 Table 2 . Finally, the early observations by JBD have a color term k v = ?0:41 0:25; in the worst case, the color term k v = ?0:66 could introduce an error of 0:24 mag, larger than the internal scatter of 0:08 mag measured from the extraction process. Since we have pushed all e ects to their extremes in these calculations, we believe the tabulated uncertainties to be conservative ones.
We can check that star A did not vary over the course of our observations by comparing it to the other three bright stars in the eld. These check stars can also be used to derive limits to the precision of our photometry. In the discussion below, we use raw magnitudes extracted from the frames processed via the \rotsub" procedure, since the residuals at positions of stars left by template subtraction are di cult to interpret. No di erence between star A and any other star showed a signi cant linear trend over the 75-day period 1994 March 28 -June 11; the values of (A ? B) yield the most stringent limits, permitting a change in the mean of no more than 0:08; 0:01; 0:005; 0:006 mag over that period in B; V; R; I, respectively. We list the internal precision of raw di erential magnitudes in Table 3 , to provide a feeling for the precision of photometry from our images. All of the comparison stars are located in much cleaner environments than SN 1994I, farther from the nucleus; hence, their photometry is somewhat more precise than that of the supernova. The values in Table 3 are therefore lower bounds on the uncertainty in measurements of the SN, at times when it had comparable apparent magnitude.
Optical Light Curves
In Figure 3 we present the UBV RI light curves in a single graph, and in Figures 5-9 each passband separately. Tables 4, 5, and 6 contain the data from the Leuschner 50-cm, 76-cm, and Lick telescopes, respectively. In Table 2 we place the early data gathered by all telescopes. Before we discuss the light curves, let us calculate the times and values of the peak apparent brightness, so that we can use the time of B-band maximum as a ducial point.
The times and magnitudes of the peak in each band are listed in Table 7 . To determine these values, we t polynomials of increasing order to the points on each light curve between JD 2,449,444 and 2,449,458. We increased the order of the polynomial until the resulting value of 2 stopped decreasing signi cantly (the highest-order t being quintic). The peak of the tted polynomial is listed in Table 7 . To determine the uncertainties in these ts, we changed each polynomial coe cient until the value of 2 of the t increased by one; we adopted the maximum resulting di erence in peak magnitude or time as the uncertainty in the tted value. Note that we added U-band data from the preliminary analysis of Schmidt & Kirshner (1994b;  referred to as { 7 { \CfA" in Tables and Figures) to our 4 U-band points in order to make a decent t; in all other passbands, we t Leuschner and Lick data only.
The nal row in Table 7 lists the m 15 parameter for each passband except U, which lacks su cient data. Following Phillips (1993), we de ne m 15 in passband X as the di erence between the peak magnitude in X, and the magnitude 15 days after that peak. Since all our light curves have a gap at the crucial period, we were forced to interpolate. We t polynomials to the set of data between 10 and 20 days after peak, and found that a parabola accounted well for the slight in ection point in the light curves at this time. We added in quadrature the uncertainty in the How well do our light curves agree with others in the literature? Together with our own measurements, we plot in Figure 4 the data of Schmidt & Kirshner (1994b) , from a preliminary analysis which was distributed by E-mail in mid-May 1994. A number of early theoretical papers (such as Iwamoto et al. 1994 ) were based on this set of data. In general, we nd very close agreement between the Schmidt & Kirshner points and our own. Other published light curves, by Yokoo et al. (1994) and Lee et al. (1995) , agree with ours at early times, but deviate increasingly as the SN becomes fainter; as Figure 4 shows, they nd the SN to be brighter than we do. Since their telescopes and sites were comparable to ours, we believe the di erences are due to the di erent methods by which each group extracted instrumental magnitudes from its images. When a faint object is surrounded by a bright background, improper subtraction of the background nearly always yields measurements in which the object appears brighter than it actually is. Our \tempsub" technique does a better job of removing the contribution of light from the nucleus of M51 than either PSF-tting (Lee et al.) or surface-tting (Yokoo et al.) .
Let us consider the light curves in each bandpass (see Figures 5-9 ). The U-band light curve ( Figure 5 ) is very sketchy, and one can say little more than it declined very quickly after maximum light. As R95 mentioned, Leuschner Observatory U-band observations can show large (up to 0:5 mag) deviations from the standard Johnson-Cousins system; in the present case, the agreement with the CfA data (and with that of Lee et al. 1994 ) suggests that our calibration was more successful than it was for SN 1994D.
The B-band light curve, shown in Figure 6 , rises and falls quickly, reaching an in ection point sometime around fteen days after maximum and eventually settling into linear decline. Fitting a straight line to the data after JD 2,449,500, we nd a slope of 0:017 magnitudes per day, albeit with substantial uncertainty. There is some evidence for attening of the light curve at late times.
Several early detections de ne clearly the very steep rise to maximum in the V -band, shown in Figure 7 . The SN must have risen at least 2:4 mag in the 2 days between the upper limit on March 29 and the rst measurement, and another 0:9 mag within the next 12 hours. The time { 8 { from the rst V -band detection to V -band peak light is about 9 days. As in the B-band, the light curve falls steeply after maximum, then reaches a linear decline at late times, at a rate of 0:021 mag per day. The last two points indicate that the light curve attened signi cantly at the end of our observations.
In Figure 8 , one sees another very sharp rise to maximum light. Our early R-band observations constrain the SN to have brightened by over 4 magnitudes in about 5 days before being detected.
About 8 days elapsed from the rst detection in R-band to maximum light in R. The peak of the light curve is somewhat broader than those in B and V , but the late-time decline rate similar: 0:017 mag per day. As in the V -band, the last two points indicate a attening of the light curve.
The I-band light curve, shown in Figure 9 , exhibits the widest peak and weakest \knee" separating the post-maximum fall from the late-time decline. Again using data after JD 2,449,500, we nd a linear slope of 0:021 mag per day. The nal two points are substantially brighter than the extrapolated curve. We next construct color curves for SN 1994I, and plot them in Figures 10 to 13. In each gure, the color rapidly reddens from discovery to roughly JD 2,449,465; after that time, the (B ? V ) and (V ? R) values turn back to the blue. This turning point occurs at the same time as the \knee" in the B and V light curves. Both features probably occur as the ionization front, or pseudo-photosphere, of the supernova reaches into the core of the ejecta and the SN makes the transition from being optically thick to optically thin. The (R ? I) color continues to redden for several more weeks, reaching what might be a plateau at (R ? I) 0:7 mag at the end of our observations.
Note that the earliest measured colors of SN 1994I are considerably redder than is typical for most SNe. The rst (B ? V ) datum, for example, is 0:38 mag. According to Filippenko et al. (1995) , the spectrum at this time was a relatively smooth and featureless continuum, suggesting that the SN's atmosphere was hot | hot enough, perhaps, to resemble a blackbody. Using the Bessell (1979) ux/magnitude relationships, we nd that (B ? V ) = 0:38 mag corresponds to a blackbody of temperature T = 7950 K; but such a cool atmosphere should also produce more lines than were seen in the earliest spectrum. Hotter blackbodies yield bluer colors: T = 15; 000 K corresponds to (B ? V ) = 0:00 mag, and T = 20; 000 K corresponds to (B ? V ) = ?0:09 mag. If one postulates that SN 1994I resembled a perfect blackbody in the rst days after discovery, then its observed colors suggest a moderate amount of reddening. The colors at maximum remain redder than those of some types of SNe. As Figure 11 shows, Ia, such as SNe 1991bg (Filippenko et al. 1992; Leibundgut et al. 1993 ) and 1992K (Hamuy et al. 1994) , are even more red than SN 1994I, with SN 1991bg reaching (B ? V ) 0 0:7 at maximum.
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Each of the BV RI light curves exhibits a linear decline of about 0:020 magnitude per day (and becoming less steep at the end our observations), corresponding to an exponential decrease in luminosity. The radioactive decay of 56 Co yields a smaller slope, 0:0098 mag per day. Therefore, if the late-time light curve of SN 1994I is powered by 56 Co, a substantial fraction of the high-energy photons must escape directly from the ejecta, rather than interacting with matter and being degraded to optical photons. This suggests that the mass of the ejecta is small, and/or the radioactive material has been mixed throughout the ejecta. The peculiar \type IIb" SN 1993J, which faded at a similar rate of 0:02 mag per day (R94), is thought to have had an envelope mass of only 1:6 ? 4:6M (see Table 4 of Wheeler & Filippenko 1995) .
Another clue to the mass of the ejecta in SN 1994I is the width of the peak of the light curve. As Figure 14 shows, the peak of its light curve is substantially narrower than those of two other SNe with relatively low-mass envelopes: SN 1993J (see above) and SN 1994D (which, as a type Ia, presumably had M ejecta 1:4M ). Since the light curve at this time is driven by the di usion of energy produced by the radioactive decay of 56 Ni to 56 Co, its width is dependent on the amount of material through which the energy must ow. A massive envelope increases the di usion time and leads to a broad peak near maximum light. A skimpy envelope, on the other hand, allows photons to escape more quickly from the inner, 56 Ni-rich layers in which they are produced, yielding a narrow peak. Other factors can a ect the light curve shape: if radioactive material is mixed into the outer layers in the explosion, its energy will escape more quickly from the envelope, producing a short-lived maximum.
Extinction
The color curves of SN 1994I suggest that the object was observed through signi cant amounts of interstellar material. We examine here the several methods which have been used to estimate the amount of extinction; impatient readers can skip directly to Table 8 for a summary. Burstein & Heiles (1984) derive zero extinction along the line of sight to M51, based on the HI emission inside our own Milky Way Galaxy, implying that most of the material must be in M51. High-resolution observations of the Na I D absorption features by Ho & Filippenko (1995) con rm that most of the material lies in M51. They measure equivalent widths W (D1) = 1952 11 m A and W (D2) = 2461 11 m A by summing many components along the line of sight. If one were to apply the relationship derived in R94 relating the width of the sodium lines to color excess, one would calculate E(B ? V ) = 0:92 mag. However, since that relationship was extracted from observations of stars behind low-density regions in the Milky Way, it might not apply to high-density clouds in another galaxy; in addition, the widths of the saturated Na I lines in the spectrum of SN 1994I are three times larger than any used to derive the above formulae.
Ho & Filippenko, aware of these problems, t the shape of each component in the Na I lines to calculate the sodium column density in each. They then convert to column density of neutral { 10 { hydrogen, and use relationships between log N(H) and color excess to derive A V = 3:1 +3:1 ?1:5 mag to SN 1994I. They point out several possible systematic errors in their analysis, and argue that this value is an overestimate; they prefer 1:0 A V 2:0 mag. Baron et al. (1995) t the observed spectra of SN 1994I at several epochs to models of an atmosphere of a C+O star. From the earliest spectra, they nd 0:9 A V 1:4 mag, with values near the upper limit being favored at late times. Iwamoto et al. (1994) compare the observed colors of SN 1994I to their own models, based on the explosion of a C+O star. They quote a value of A V = 1:4 0:25 mag. We will adopt a value of A V = 1:4 0:5 mag for the remainder of this paper. Using the conversions from color excess to extinction listed in R94, this corresponds to E(B?V ) = 0:45 0:16 mag. We list the extinction in each passband in Table 9 . The large uncertainty in the extinction to this object will limit our ability to convert the apparent peak magnitudes to absolute ones, and to compare the intrinsic luminosity of SN 1994I to that of other supernovae.
Absolute magnitude
The distance to M51, surprisingly enough, has not been the subject of many inquiries. We were able to nd only two distance determinations (other than those using the redshift and H 0 ) in the literature. Sandage & Tammann (1974b) used the sizes of the three largest H II regions in a set of Local Group galaxies to calibrate a relationship with some dependence on the type and luminosity class of the parent galaxy; they determined a distance modulus of = 29:9 mag to M51. Georgiev et al. (1990) compared the distribution of apparent sizes and luminosities of young stellar associations in M33 and M51 to derive = 29:2 mag. In addition, John Tonry (1995) kindly provided a preliminary distance to NGC 5195, the smaller galaxy interacting with M51, based on surface-brightness uctuations (SBF). He nds a distance modulus of = 29:59 0:15 to NGC 5195.
Since SN 1994I appeared, several authors have tried to use its properties to calculate the distance to its host galaxy. The results depend heavily on models of the explosion and their assumptions. Iwamoto et al. (1994) nd that the observed light curve shapes best match theoretical ones when = 29:2 0:3 mag and A V = 1:4 0:25 mag. Baron et al. (1995) apply { with well-stated caveats { the Expanding Photosphere Method (Kirshner & Kwan 1974; Schmidt, Eastman, & Kirsher 1992) to the event and nd = 29:6 + 5 log(t r =9) 0:5 0:7 mag, where t r is the rise time of the bolometric light curve, in days, and the quoted uncertainties are, rst, those appropriate for formal ts of the data to their model, and, second, the external uncertainties in calibration and reddening; they assume E(B ? V ) = 0:45 mag. Looking at Tables 2 and 7, we see that our earliest detection of SN 1994I occurs 7.5 days before it peaks in the B-band. A slightly earlier observation places a strong upper limit on the SN's brightness 9.5 days before the B-band peak. We assume that the time of bolometric maximum occurs at the time of peak light in the { 11 { B-band (as R94 show is likely for the secondary peak of SN 1993J). Accepting their value of t r = 9 days, we are left with = 29:6.
It is clear that no measurement based on SN 1994I itself can be very precise, due to the large uncertainty in the reddening to the supernova. If similarly-large extinction were present in the stellar associations studied by Georgiev et al. (1990) , and not taken into account, it would lead to an underestimation of the distance to M51 (implying > 29:2 mag). The work by Sandage & Tammann (1974b) should be less a ected by extinction, but their calibration of the sizes of H II regions may have systematic errors. Comparing their values (Sandage & Tammann 1974a) for the distances to some of their calibrating galaxies to more recent ones, we nd evidence for overestimation of the distance scale (suggesting < 29:9): they place M31 at = 24:84 mag, whereas a recent review of a number of methods (de Vaucouleurs 1993) nds = 24:3 mag, and their estimate of = 29:3 mag for M101 is slightly higher than a value of = 29:1 mag based on 4 Cepheids and 4 Miras (Alves & Cook 1995) . We feel the SBF method is superior to the other methods considered here, in any case, and so give it the greatest weight in calculating a distance modulus to M51. We adopt = 29:6, to which we will attach a very large uncertainty of 0:3 mag, in view of the preliminary nature of the SBF distance and the considerable di erence between those produced by the other two methods.
Given this distance, the extinction adopted in the previous Section, and the apparent magnitudes at peak listed in Table 7 , we can calculate the peak absolute magnitudes of SN 1994I, which we place in Table 10 . Note that the uncertainties are dominated by the unknown extinction for all passbands except I. The range of likely values for the luminosity of this type Ic supernova is so large that detailed comparisons to other events seem pointless. We can say, at least, that SN 1994I appears to have been less luminous than a \normal" type Ia SN (R95 and references therein).
Using the machinery of R94 3 , we can use this distance to convert the measured uxes from SN 1994I into luminosity, creating a \quasi-bolometric" light curve (Figure 15 ). We corrected each magnitude for extinction, converted the magnitude into ux using the calibration of Bessell (1979) , and summed all the uxes (making a very minor correction for the area of overlap between the lters). Assuming a distance modulus of = 29:6 mag to M51, we then translated the summed optical ux into a luminosity. Note that this \quasi-bolometric" luminosity does not include any contribution from the UV or IR, nor is it derived from any blackbody t to the optical uxes.
In our calculations, we use three values for the color excess to the SN: 0:30; 0:45; and 0:60 mag. The shape of the bolometric light curve at very early times depends signi cantly on the extinction. Note the di erence in Figure 15 between the UBV RI and BV RI sums for the highest { 12 { value of color excess. Even after maximum brightness, on April 19, 1994 UT, the U-band still contributes about 10% of the summed optical ux. Tables 11 and 12 contain the quasi-bolometric luminosity of SN 1994I for each night in which we measured at least B, V , R, and I-band magnitudes.
Comparison to the type Ic SN 1987M
The only other type Ic SN for which we can nd more than a handful of photometric data in the literature is SN 1987M. Filippenko, Porter, & Sargent (1990) published a set of light curves together with their detailed analysis of this object's spectra. Most of their photometry is constructed by applying a synthetic passband to ux calibrated spectra, and those points measured directly from images are in the Gunn-Thuan g and r passbands; it is therefore di cult to make a detailed comparison with our Johnson-Cousins UBV RI data.
The light curve of SN 1987M is so sparse that one cannot con dently assign a date for maximum light; there is no indication that any measurement was made before the peak. Filippenko et al. suggest that the light curves are consistent with maximum brightness occurring at the time of discovery, September 21, 1987. When shifting the points for SN 1987M to nd the best match to the light curves for SN 1994I, we found a fair match when we pushed the date of SN 1987M's maximum forward about 5 days, to September 26, 1987. We compare the shapes of the matched light curves in Figures 16 and 17 . Note that the Thuan-Gunn g lter has an e ective wavelength of about 4930 A, quite a bit longer than the Johnson B lter's 4400 A. We might therefore expect the g curve of SN 1987M to fall more slowly than its B light curve, but Figure 16 shows that the di erence is small. Both appear similar to the B-band light curve of SN 1994I, although the last datum for SN 1987M, about 95 days after maximum light, is about 0.5 mag fainter. The Cousins R and Thuan-Gunn r have nearly identical e ective wavelengths, so SN 1987M's decidedly slower decline from peak light, seen in Figure 17 , may represent a real di erence in its physical properties. There is, however, no indication that either type Ic SN displayed a \shoulder" in the R-band, distinguishing both from \normal" type Ia SNe, but not from subluminous events such as SNe 1991bg (Filippenko et al. 1992; Leibundgut et al. 1993 ) and 1992K (Hamuy et al. 1994 ).
In Figure 11 , we compare the (B ? V ) colors of the two supernovae, again shifting the data for SN 1987M forwards by ve days. We warn the reader that we have made many approximations to present this comparison, which must be qualitative, at best. If the intrinsic color of SN 1987M was similar to that of SN 1994I, then it must have su ered a greater amount of extinction than SN 1994I. On the other hand, Filippenko et al. measured the (unresolved) absorption lines of Na I D to have equivalent width of 2:1 A, while the two Na I D lines in the spectrum of SN 1994I had a summed equivalent width of 4:4 A (see Section 6), much larger than that of SN 1987M. This puzzle seems to imply that that either SN 1987M was intrinsically redder than SN 1994I, or { 13 { that the gas-to-dust ratio and/or the properties of interstellar dust in NGC 5194 do not match those in NGC 2715.
Conclusions
We have collected a large set of observations of the type Ic SN 1994I in M51, including the earliest known detections and earlier upper limits, and reduced them to a common system. In order to minimize the contamination from the bulge of M51, we scaled and subtracted images of the galaxy alone from those containing the supernova. Our light curves document the behavior of SN 1994I in the optical from 9 days before maximum light to 120 days later.
We contribute two pieces of evidence that support the hypothesis that the mass of ejecta in SN 1994I was very small. First, the light curves have peaks much less broad than those of other SNe, even type Ia. Second, light in the V RI passbands faded at a rate about twice as fast as the decay rate of 56 Co. Theoretical models of an exploding C+O star (Iwamoto et al. 1994; Nomoto, Iwamoto, & Suzuki 1995) favor ejecta masses of only 0:5 ? 0:9M .
Our best estimate for the reddening to the supernova, E(B ? V ) = 0:45 0:16, cannot be made very precise. The large and uncertain extinction due to material in its host galaxy renders the colors and absolute magnitudes of SN 1994I unreliable. It is probable that SN 1994I was redder and fainter at peak light than \typical" type Ia SNe, but one can say little more with con dence. Although the shapes of the light curves of SN 1994I are reasonably close to those of its fellow type Ic SN 1987M, there is evidence that the intrinsic colors of these two SNe may have been quite di erent.
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The terms C V ; C BV ; etc., are the di erences between the zero-points of the instrumental and standard magnitudes, which vary from night to night. Since we always measured the brightness of SN 1994D relative to that of star A, these terms were not involved in the photometric solutions.
We include second-order color-dependent extinction corrections only for instrumental B-band measurements, as described in the Appendix to R94; we denote the extinction- Richmond et al. 1994 log N(Na I) to log N(H) to E(B-V) 1:0 +1:0 
